Thyroxine (T4) is known to be converted to triiodothyronine (T3) in rat liver microsomes.
There is ample documentation that T3, the principal active form of thyroid hormone, is produced through monodeiodnation of the outer ring of T4 in extrathyroidal tissues such as the liver and kidney (Larson et al., 1955; Visser et al., 1975; Hilfner et al., 1977; Chopra et al., 1977) . A substantial amount of T3 is believed to be formed in vivo by this process (Braverman et al., 1970; Pittman et al., 1971; Surks et al., 1973) , and recent studies have indicated that the process of 5'-deiodination of T4 is enzymic in nature (Visser et al., 1975; Hiner et al., 1977; Chopra et al., 1977) . Visser et al., (1976) reported that the production of T3 was localized in the microsomal fraction of rat liver, and that it was enhanced by certain thiol compounds such as dithiothreitol (DTT) and 2-mercaptoethanol.
One of the functions of these thiols may be the stabilization of the sulfhydryl group (s) in the putative enzyme (Visser et al., 1976; Chopra, 1978) . Another proposed function of thiols is to act as cofactors in the enzymic deiodination of T4 (Visser et al., 1978; Balsam and Ingbar, 1978; Harris et al., 1979) . However, evidence for the latter function is lacking. We have investigated the role of thiol in 5'-deiodination of T4 in rat liver microsomes, focusing attention on reduced glutathione (GSH) which is the most abundantly present thiol compound in tissues. The results indicated that thiols, including GSH, play an essential role in the conversion of T4 to T3, possibly acting as cofactors. Preliminary accounts of this work were presented at the meeting of the Japan Endocrine Society (Imai et al., 1979) .
Materials and Methods
Material s L-(125I) T3 was obtained from Dainabot Radioisotope Laboratories, Tokyo; L-T4, L-T3, GSH, iodoacetamide, and N-ethylmaleimide were purchased from Sigma Chemical Company, St. Louis, Mo.; DTT from Boehringer, Mannheim, sodium deoxycholate from Difco Laboratories, Detroit, Mich.; and5, 5-.dithiobis-(2-nitrobenzoic acid) from Nakarai Chemicals, Kyoto. Sephadex G-15, Sephadex G-25 (fine), and Sepharose CL-6B were the products of Pharmacia Fine Chemicals, Uppsala.
The antiserum used in RIA for T3 was raised in rabbits as described by Mitsuma et al.(1971) .
T4 was purified by column ,chromatography on Sephadex G-25 (Green , 1972) . The T4 obtained showed a relative displacement potency of less than 0.02% in the RIA as compared with T3. The cross-reactivity of the antiserum with 3.3', 5-triiodothyroacetic acid was 23%. The infraassay error of this assay was 6.1 %, and the interassay error was 13.6%. The lower limit of the assay was15.6pg of T3. The conversion of T4 to T3 in rat liver microsomes is known to be stimulated by thiol compounds (Visser et al., 1976; Chopra, 1978) , and it was suspected that rat liver possesses an endogenous factor stimulating this conversion, and that GSH may be one such factor (Chopra, 1978; Kaplan, 1979) . However, there has been no direct demonstration that GSH is a major, endogenous stimulatory factor. We attempted to show this by chromatography of rat liver extract. The factor could be detected by the enhanced production of T3 when rat liver microsomes were incubated with T4. Rat liver extract which is soluble in 5% TCA was subjected to gel chromatography on a Sephadex G-15 column. A stimulatory factor for the production of T3 was found to be eluted at the same position where a thiol substance was eluted (Fig.1) .
The elution position of this thiol corresponded to that of the authentic GSH, suggesting that the endogenous GSH is responsible for the stimulation of T3 pro- 
Discussion
Recent studies have shown that various thiol compounds enhance the conversion of of T4 to T3 in rat liver homogenate (Chopra, 1978) , and in the microsomal fraction of the liver (Visser et al., 1976) . There has been no detailed study on the effect of GSH on the 5'-deiodination of T4 although among the naturally occuring thiol compounds GSH is most abundantly present in tissues. In the present study, a major endogenous factor stimulating the microsomal production of T3 from T4 was identified as GSH by gel chromatography of rat liver extract. 2) It is noted in this regard that diamide, a The supernatant obtained by centrifugation at 105,000 x g for60min was assayed for T4 to T3 conversion activity as described in the text. T3 production activity (e) and the amount of solubilized protein (a) were plotted against the concentration of deoxycholate.
relatively specific inactivator of GSH, diminished the rate of production of T3 from T4 in rat liver homogenate (Kaplan, 1979) . It was also found that exogenous GSH substantially stimulated the conversion of T4 to T3 with rat liver microsomes, and that the rate of conversion was saturated at the physiological concentration of GSH, viz., 7.4mM in rat liver (Davidson and Hird, 1964) . It was reported that only slight stimulation was observed with rat liver homogenate (Chopra, 1978) . The concentration of GSH at which the rate of production of T3 was saturated (4mM) was less than
2) The rate of production of T3 with the fraction giving the highest activity (fraction24) was 0.87ng T3/30 min/mg of protein, while the concenfration of the thiol from the same fraction in the incubation mixture was2.0mM.
It is noted that this rate of T3 production is comparable to what is expected from the results shown in Fig.2 that of GSH in rat liver. It seems, therefore, that the lack of a stimulatory effect following the addition of GSH to the homogenate may be explained in terms of the presence of a nearly saturating concentration of GSH in the homogenate. Both iodoacetamide and N-ethylmaleimide inhibited the enzymic conversion of T4 to T3 in rat liver microsomes. A similar inhibitory effect by sulfhydryl reagents such as p-chloromercuriphenylsulfate and He was reported previously (Visser, 1976) .
These findings suggest that the putative enzyme possesses sulfhydryl group (s) which may be essential for its activity. Accordingly, it is conceivable that thiols have the effect of stabilizing the sulfhydryl group (s) of the enzyme.
One important aspect of the present study is the demonstration that thiols are required for the enzyme to manifest its activity. The solubilized enzyme, pre-treated with DTT or GSH, was almost inactive when it was separated from these thiols by Vol.27 
